Longitudinal shrinkage typically ranges from 0.1% to 0.3% when wood is dried from green to ovendry conditions. This shrinkage would be about one-half as much when lumber is dried to 12% moisture content. Longitudinal shrinkage greater than 0.3% from green to ovendry moisture conditions for straight grain material is considered abnormal and is related to deviation of the microfibrils (microfibril angle) from the longitudinal axis of the tracheid (Koehler 1954) .
Six types of wood are most susceptible to excessive longitudinal shrinkage: reaction wood, abnormally light wood, springwood, wood near the pith of softwood trees or juvenile wood, wood in fast-growth conifers, and cross-grained wood (Koehler 1954) . In conifers, reaction wood (compression wood), juvenile wood, and cross grain have been associated with excessive lumber warpage (Cockrell 1949 , Dadswell 1958 , Koehler 1938 , Meylan 1968 , Meylan and Probine 1969 , Paul 1957 , Pillow and Luxford 1937 , and Shelly et al. 1979 . Recent literature on causes of warping of young-growth ponderosa pine include Barger and Ffolliott (1976) , Voorhies (1971, 1972, 1982) , and Voorhies and Groman 1982. Research to reduce warpage of studs has focused on drying and sawing methods. Studs with a top load restraint of 200 pounds per square foot were air-dried, kiln-dried at conventional temperatures, and kiln-dried at high temperatures. The studs kiln-dried at conventional temperatures yielded the greatest number meeting grade requirements (Arganbright et al. 1978) . Blake and Voorhies (1980) did not find any difference in grade recovery between drying schedules using conventional and high temperatures in kiln-drying studs from younggrowth ponderosa pine. Koch (1974) found that a high temperature kiln schedule with load restraints reduced bow and twist; but, serrated stickers were needed to minimize crook in southern pine studs. Maeglin and Boone (1983) showed that the grade yield of studs from small ponderosa pine logs by the Saw-Dry-Rip method can be substantially increased, compared to conventional sawing and drying at sawmills.
Study Objectives
The overall objective of this study was to observe how warp in lumber from young growth ponderosa pine is related to growing site, tree and wood characteristics, and ultimate moisture content of the dried lumber.
Two of the study's specific objectives are reported here. The logs were sawn using methods that followed industry practices. Log groups 1, 2, and 3 were sawn on a portable scragg mill, and groups 4, 5, and 6 on a circular sawmill, into 4-inch cants and 2-inch flitches. The foursaw scragg mill produced a 4-inch cant from the center and 2-inch flitches from the sides of the logs. The 4-inch cants were passed through a circular gang saw and were ripped into studs 2 inches wide. The 2-inch flitches were passed through the same circular gang saw and were ripped into studs 4 inches wide. The studs were identified as to tree and log number by spraying The effects of growing site, tree diameter, log size and position, and extent of drying lumber grade were estimated using log linear models (Bishop et al. 1975 
